to bind HA following cell activation involves differential charides showed that the minimum effective unit is a 6-mer, but that 8-to 12-mers are more efficient competiglycosylation of the receptor, specifically, the remodeling of N-and possibly O-linked carbohydrates (Levtors ( Figure 1C ). This confirms previous reports that the minimum size of oligosaccharide required to displace esque and Haynes, 1999). Although the precise structure of the CD44 glycan chains and the details of their remodhigh M r HA from cell surface CD44 is between 6 and 10 saccharide units (i.e., HA 6 or HA 10 ), depending on the eling are not completely clear, some important features are recognized. For example, studies with human mycell background (see Lesley et al., 2000) . Hence, the bacterially expressed, nonglycosylated CD44 20-178 moleeloid cell lines and mouse lymphoid cell lines (Lesley et al., 1995) Table 1 ). The H bonds were However, without knowledge of the 3D structure for determined from the observation of 37 slowly exchang-CD44, it has not been possible to determine where these ing amide protons in regions of secondary structure regulatory N-glycans lie in relation to the ligand binding and/or from NOE connectivities (see Supplemental that is not directly involved in HA binding. NMR experiments conducted on CD44 20-178 samples with or without For structural studies, we used soluble nonglycosylated CD44 HA binding domains (HABD) expressed in E. coli 150 mM NaCl gave identical spectra, indicating that the solution structure of the CD44 HABD determined here from the construct CD44 20-178 (identical to that described in Banerji et al. [1998] but without the N-terminal histiis likely to be representative of that found under physiological conditions. dine tag) which encompasses the Link module together with its N-and C-terminal flanking sequences. We preThe structure determined by X-ray crystallography was generated from both nonderivatized and selenoviously showed that the CD44 20-178 HABD is very similar to CD44Fc in terms of reactivity with the conformationmethione-derivatized (SeMet) CD44 20-178 (see Experimental Procedures). The 2-fold averaged SeMet single sensitive mAbs BRIC-235 and F10.44.2, indicating that the nonglycosylated protein expressed in E. coli shares wavelength anomalous dispersion (SAD) map was readily interpretable for all but the last 9 amino acids a common fold with the fully glycosylated CD44 ectodomain expressed in human 293T fibroblasts (Banerji et ( Figure 2D ), and the resulting structure of residues Ala20-Tyr169 has been refined to an R factor of 18.4% al., 1999; data not shown).
Ligand binding assays revealed that CD44 20-178 binds at 2.2 Å resolution (see Table 2 ). Therefore, the crystal and solution structures of CD44 20-178 (determined indebiotinylated-HA (bHA) in a concentration-dependent manner that is similar to that of CD44Fc ( Figure 1A) . The pendently) both show that residues 21-169 of human CD44 (i.e., the N-terminal 149 amino acids of the mature observed differences in the binding curves for the two proteins may be attributed to avidity effects, since protein) constitute a structural domain. In the tertiary structures described here, the Link mod- ␤4 and ␤5 (Figure 2 Figure S2 ). The finding that almost twice as many sH N are detected in the H bond network (see Supplemental Data at http:// www.molecule.org/cgi/content/full/13/4/483/DC1 for for the HA 6 bound protein compared to free CD44 after 18.5 hr indicates a ligand-induced stabilization of the further details). It should be noted that all but one of the sH N assigned in the free protein were found to be HABD structure (see Figure 3D) . The eleven long-lived Figure S7 ). This indicates that in its orientation relative to the rest of the structure. 
